L ong-term results following anterior decompression of the cervical spine for cervical spondylotic myelopathy (CSM) have been largely satisfactory. 2, 3, 11, 30 However, a small subset of these patients present with new neurological symptoms or delayed functional deterioration at follow-up. Delayed neurological symptoms after anterior decompression for CSM have been largely attributed to adjacent-segment disease, more accurately described as clinical adjacent-segment pathology (CASP). 8, 10, 18, 31 CASP refers to new clinical symptoms that correlate with radiographic changes at levels adjacent to previous spine fusion and is distinct from radiographic adjacent-segment pathology, which refers to radiographic changes seen at levels adjacent to previous spine fusion without concordant clinical findings.
In this report, we studied the prevalence of CASP in patients with a minimum of 12 months of follow-up after uninstrumented central corpectomy for CSM or ossification of the posterior longitudinal ligament (OPLL). We also evaluated risk factors that predispose these patients to CASP.
Methods

Patient Population
The present study is a retrospective review of prospectively collected data. At the Christian Medical College, Vellore, we maintain a prospective clinical database of all patients who undergo uninstrumented central corpectomy. Four hundred sixty-eight patients underwent central corpectomy performed by a single surgeon (V.R.) for CSM/ OPLL between 1995 and 2007 in our surgical unit. Of these, 353 patients (75.4%) were followed up postoperatively for 12 months or more, and cases involving patients who presented with new or recurrent neurological symptoms attributable to CASP at follow-up were reviewed in the present study. CASP was defined as the presence of clinical symptoms (radiculopathy or myelopathy) that correlated with radiographic changes at levels adjacent to the previous fusion. 18 Radiological changes were observed on MR images of the cervical spine obtained at follow-up showing cord or root compression at a level adjacent to the fused levels. OPLL was diagnosed on radiographs and MR images preoperatively, but all patients with diagnosed OPLL in this study were patients in whom the finding of OPLL was confirmed intraoperatively.
Operative Procedure
All patients underwent central corpectomy with autologous iliac bone or fibular grafting. The surgical procedure has been described previously 16, 26, 28 and has produced favorable results on long-term evaluation. 16, 23, 24 In brief, the surgical procedure was as follows. Patients were positioned supine with Gardner-Wells skull traction and a rolled sheet under the shoulders. A skin crease incision was performed and neck dissection was used to reach the vertebral bodies. After the vertebral levels were confirmed with an intraoperative radiograph, a central corpectomy (14-16 mm) was performed. The posterior longitudinal ligament was either excised or "floated off." Autologous iliac bone graft was used for 1-and 2-level corpectomies, and fibular grafts were used for 3-level corpectomies. The graft was fitted into mortices created at the superior and inferior vertebral endplates, with the help of skull traction. An immediate postoperative radiograph was obtained to confirm graft position. Patients were walking with a hard cervical collar in the immediate postoperative period, and the collar was worn for 6 months postoperatively.
At follow-up, all patients underwent a neurological examination and Nurick grading, and radiographs and an MRI study of the cervical spine were obtained as indicated. Cervical spine curvature was measured using the method described by Batzdorf and Batzdorff. 1 Loss of lordosis was confirmed when spines that had been lordotic preoperatively were noted to be straight or kyphotic at follow-up. Cervical fusion was confirmed by evidence of bony trabeculae bridging the fusion site on postoperative radiographs at a minimum of 1 year after surgery.
Statistical Analysis
Demographic and clinical data were analyzed using descriptive statistics. The Student t-test was used for subgroup analysis. To identify risk factors for new or recurrent symptomatic neurological dysfunction, a Cox regression model based on the duration of follow-up was created using preoperative variables such as age, sex, preoperative Nurick grade, duration of symptoms, number of vertebral levels, diabetes, and presence of OPLL. Means are reported with standard deviations. IBM SPSS version 20.0 (IBM Corp.) was used to analyze the data, and statistical significance was set at p < 0.05 (see Table 2 ).
Results
In the cohort of 353 patients (mean age 47.8 ± 9.5 years, 93.5% male), the mean duration of symptoms before surgery was 21.2 ± 30.8 months. Single-level corpectomy was performed in 113 patients (32%). Two hundred forty patients (68%) underwent multilevel corpectomy (2-level in 229 cases; 3-level in 11), and OPLL was present in 109 patients (30.9%). The median duration of follow-up for the cohort of 353 patients was 47 months (range 12-213 months). Follow-up imaging was available for 336 of these patients and yielded a fusion rate of 88%, with fusion confirmed by evidence of bony trabeculae bridging the fusion site on postoperative radiographs. Major operative complications recorded for the entire cohort of 468 patients included recurrent laryngeal nerve injury (0.4%), C-5 palsy (1.3%), CSF leak (4.2%), graft extrusion (1.9%), and cervical wound infections (1.5%). Graft donor site infections were seen in 1.9%.
Fourteen patients (13 male, 1 female; mean age 46.9 ± 7.7 years) were diagnosed with symptoms of CASP at follow-up (Table 1) . OPLL was present in 8 patients. The mean duration of follow-up for these patients was 95.6 ± 54.1 months (range 40-213 months). Preoperative Nurick grades ranged from 2 to 5 (mean 3.5 ± 1.2), and the Nurick grades at follow-up ranged from 1 to 5 (mean 3.0 ± 1.3, p = 0.27 paired-sample t-test). Twelve patients had myelopathic symptoms, characterized by lower limb tightness and worsening gait. Two patients had radiculopathic symptoms at follow-up.
Imaging
Of the 14 patients with CASP, 11 had prolapsed intervertebral discs at the adjacent segment. In 7 patients (50%), spondylotic changes were seen inferior to the fused segments ( Figs. 1 and 2) , and in the other 7 patients, changes were noted superior to the fused segments (Fig.  3) . Radiological features of neural compression seen at the adjacent segment at follow-up were not visualized prior to the fusion surgery. No patient with CASP had graftrelated complications such as pseudarthrosis or nonunion. Inadequate decompression of the cord at the operated site was not seen in any patient who had a cervical spine MRI study performed at follow-up. Spine curvature was lordotic in 11 patients (78.5%) preoperatively and 6 patients postoperatively (42.8%). Loss of lordosis was noted in 5 patients (35.7%).
Management of CASP
Imaging findings and management of patients with CASP are described in Table 1 . All patients were advised to undergo surgery for CASP. Three patients did not undergo surgery; 2 of these patients refused surgery, and 1 patient had considerable cardiac comorbidities that precluded surgery. Anterior cervical decompression for CASP was performed in 6 patients, and posterior decompression was performed in 5.
Risk Factors for CASP
A worse preoperative Nurick grade was associated with an increased risk of CASP after central corpectomy in our series (p = 0.01). The duration of symptoms, presence of diabetes, and number of levels treated were not significantly associated with the CASP at follow-up. A Kaplan-Meier curve for the proportion of patients without CASP at follow-up is shown in Fig. 4 . The estimated cumulative proportion of patients with CASP at 5 years was 3% and at 10 years was 14%.
Discussion
The present study shows the prevalence of CASP after central corpectomy to be 3.9% in 353 patients who underwent central corpectomy for CSM/OPLL. The majority of the patients with CASP had myelopathic symptoms. Preoperative Nurick grade was independently associated with an increased risk of CASP after central corpectomy for CSM/OPLL.
Our study focused on patients undergoing central corpectomy, which is known to produce increased biomechanical stresses on the adjacent segments, 9 as well as reduced cervical lordosis and segmental height, 19, 21 as compared with anterior cervical discectomy and fusion. The range of motion of adjacent segments after central corpectomy changes significantly after surgery, particularly at the inferior adjacent segment. 28 While the removal of intervertebral discs to facilitate strut grafting can lower the risk of adjacent-segment pathology, the risk of CASP increases if fusion is adjacent to but excludes the C5-6 or C6-7 disc spaces. 18 In the present series, the majority of our patients with CASP had levels adjacent to C5-6 or C6-7 fused.
Hilibrand et al. 8 reported that 55 (14.7%) of 374 patients developed CASP and 27 (7.2%) of these patients underwent a second surgery for CASP. Emery et al. 3 showed that among 106 patients followed up for a minimum of 2 years after undergoing anterior cervical decompression, 9 patients (8.5%) developed CASP and 5 patients (4.7%) developed delayed recurrent myelopathy. Other authors have reported CASP requiring surgery in 9%-14% of cases at 5 or more years after follow-up. 2, 6 A systematic review of studies on the development of CASP after cervical fusion surgery reported a mean rate of reoperation for CASP of 0.8% per year and estimated the mean rate at 1.6%-4.2% per year. 18 Wu et al. 29 showed a similar rate of reoperation for CASP after anterior cervical discectomy and fusion in a large nationwide database study. The prevalence of CASP after central corpectomy in our study was lower (14 of 353 patients, 3.9%) than that reported by Hilibrand et al. 8 and closer to the rate reported by Emery et al. 3 A number of factors can affect the long-term outcome following decompressive surgery for CSM. Previous authors have shown that male sex, age 15-59 years, 29 preoperative disc protrusion at the adjacent segment on MRI, 10 and osteopenia predispose to CASP. In the present study, we found that the risk of CASP increased with poorer preoperative Nurick grades. In previous studies, we have shown that patients with preoperative Nurick Grade 4 or 5 do experience improvement after surgery 23 but have poorer intermediate outcomes (3 years) . 27 In our series, a single grade increase in the preoperative Nurick grade more than doubled the risk of CASP. The natural history of disease has been shown to contribute to adjacent-segment degeneration. 8 Patients with worse neurological function have been shown to have more severe spondylotic changes and cord compression. 20, 22 It is likely that these patients are more prone to accelerated progression of spondylotic changes at the adjacent segment as they age, contributing to increased incidence of CASP. Few authors have described the incidence of CASP after instrumented central corpectomy for CSM. Lau et al. 17 showed that 1 (6.3%) of 16 patients developed CASP after 2-level instrumented corpectomy and fusion for CSM at a mean follow-up duration of 32.1 months. Our incidence of CASP requiring surgery was close to that reported by Gao et al. 5 (4.8% in 145 patients after a mean follow-up period of 102.1 months). Although there are biomechanical differences in range of motion between instrumented and uninstrumented models, 4, 13 no study has compared the risks of CASP between instrumented and uninstrumented central corpectomy for CSM/OPLL. There is limited evidence that sagittal imbalance increases the risk of radiological adjacent-segment pathology, and there are no data for its impact on CASP;
7 however, our analysis could not evaluate this variable further.
In our series, the number of levels fused did not predict CASP postoperatively. Hilibrand et al. 8 showed that single-level fusions were associated with an increased incidence of adjacent-segment degeneration. It is likely that early spondylotic changes at the adjacent level that were not addressed at the primary surgery may rapidly progress due to increased mobility at the adjacent level after corpectomy and fusion. 15, 28 Some authors have suggested including adjacent segments showing minor degeneration in the initial fusion, 6, 8 but increasing the number of surgically treated levels is associated with its own complications. 2, 25 Cervical corpectomy and fusion as compared with anterior discectomy and fusion (the predominant surgery in the study by Hilibrand et al. 8 ) involves removal of disc material at 2 levels, and this extensive decompression likely reduces the risk of adjacent-segment degeneration irrespective of the number of levels operated.
Features of This Study
Our report is unique in studying the causes of CASP following a uniform surgical procedure, central corpectomy performed by a single surgeon, in a large cohort of patients. The use of the mJOA scale (modified Japanese Orthopaedic Association scale) might have enabled us to better quantify new or recurrent neurological symptoms. The evaluation of cervical curvature and preoperative adjacent disc degeneration as an independent risk factor for CASP was not possible since these data were not available for the entire cohort. Few patients may have had subsequent follow-up at a center other than ours, and these data were not available to us. Importantly, this study adds data to the limited literature available on neurological deterioration after central corpectomy for CSM/OPLL, with the focus on clinically relevant adjacent-segment degeneration.
Conclusions
In the present study, the prevalence of CASP following central corpectomy for CSM was 3.9%. Patients with poorer preoperative Nurick grades had an increased risk of CASP after central corpectomy for CSM/OPLL.
